lower K than ammonium lactate acetic acid in soil, and is a good replacement for common methods. In addition, this extractant is a good method for estimating of available K for corn. Zarrabi and Jalali (2008) used 0.025 mol/L H 2 SO 4 , 1 mol/L NaCl, 0.01 mol/L CaCl 2 , 0.1 mol/L BaCl 2 , and 1 mol/L NH 4 OAc in extracting available K for wheat in some calcareous soils of Western Iran. They found that 0.01 mol/L CaCl 2 , and 1 mol/L NaCl solutions were good extractants for available K estimation. Grzebisz and Oertli (1993) used 0.01 mol/L CaCl 2 , AB-DTPA, Mehlich 1, 2 and 3, and 1 mol/L NH 4 OAC in extracting available K for soybean in West Switzerland soils. They found that AB-DTPA, Mehlich 3 and 1 mol/L NH 4 OAC extractants were good indices for K availability. Many researchers suggested various extractants for available K determination according to research sites (Csathó 1998 , Salomon 1998 , Sardi and Fuleky 2002 , Hosseinpur and Sinegani 2004 , Aramrak et al. 2007 , Hosseinpur and Samavati 2008 . The K availability is dependent to plant and soil types. Therefore, it is necessary to assess the ability of K extractants to predict plant-available K in a wide range of soils and plants. The purposes of this study were to compare K extractions by some chemical methods as predictors of bean-available K in a wide range of soils and to determine K critical levels by suitable extracting solutions.
MATERIAL AND METHODS
Fifteen calcareous soil samples (0-15 cm) with pH values from 7.7 to 8.1 (estimated using 2:1 soil water ratio) (Thomas 1996) and representing a wide range of organic carbon (C) (Nelson and Sommers 1996) , cation exchange capacity (Sumner and Miller 1996) , electrical conductivity in a 2:1 soil-water ratio (Rhodes 1996) , calcium carbonate (Loeppert and Suarez 1996) , and clay content (Gee and Bauder 1986) were obtained from fields in different locations of the province of Charmahal Va Bakhtiari, in central Iran. The determination of K availability was estimated by the methods indicated in Table 1 . Potassium, in all extracts, was determined using atomic emission spectroscopy.
Greenhouse experiment. Five kg of each soil (air dried) were put in 25 cm diameter pots, and arranged in a factorial experiment in a randomized complete block design with three replications and two rates of K applied as K 2 SO 4 (0 and 200 mg/kg). To ensure sufficient supply of phosphorus (P), iron (Fe), and zinc (Zn), 100 mg/kg P as Ca(H 2 PO 4 ) 2 , 5 mg/kg Fe as sequestrine, and 5 mg/kg Zn as ZnSO 4 were added to soils. Four bean (var. pinto) seeds were planted in each pot after germination and after 1 week thinned to 3 plants per pot. For nitrogen (N), 60 mg/kg urea was added to the soils (30 mg/kg at planting time and 30 mg/kg 4 weeks after germination). The pots were irrigated daily, and moisture was maintained near field capacity. Ten weeks after sowing, above ground portions were harvested and prepared for analysis. Plants samples were washed with distilled water and were oven dried at 70°C with ventilation. After that, yields of dry matter were determined, and plant analysis for K was done after grinding by dry-ashing method. Plants indices including K uptake, the relative yield, and plant response were calculated by the following equations:
K uptake (mg per pot) = yield of dry matter × K concentration Relative yield (%) = (yield of dry matter of control pots/ the yield of dry matter of treated pots) × 100 Plant response = yield of dry matter of treated potsyield of dry matter of control pots Statistical analysis. Correlation coefficients between K extracted by 10 extractants were determined. In addition to the selection of better 
RESULTS AND DISCUSSION
Some selected physical and chemical properties of the soils are shown in Table 2 . Clay content ranged from 21 to 53%, CEC from 15.5 to 24.3 cmol c /kg, organic C content from 0.45 to 1.53%, the CaCO 3 content from 6 to 40%, the electrical conductivity 0.11 to 0.19 ds/m, and the pH from 7.7 to 8.1.
Effects of K application on bean are shown in Table 3 . Potassium application in most soils increased the dry matter yield, K uptake, and K concentration in bean significantly (P < 0.01). This parameter indicates that in some soils, bean gives a remarkable response to K application.
The mean available K of 15 soils extracted by 9 extractants are shown in Table 4 and correlation coefficients between K extracted by these chemical methods are shown in Table 5 . The results show that the concentrations of K extracted varied widely with the method used, because each extractant desorbed different portions of K. Of the 9 tested methods, boiling 1 mol/L HNO 3 extracted the highest amount of K (mean 1543 mg/kg, ranged 740-2550 mg/kg) and distilled water removed the lowest amount of K (mean 19.2 mg/kg, ranged 7-46 mg/kg). On average, boiling 1 mol/L HNO 3 removed 8. 8, 8.9, 61.7, 5.2, 34.3, 6.7, 13.9 , and 80.3 times more K than did 0.1 mol/L HNO 3 , 0.1 mol/L HCl, Mehlich 1, 0.1 mol/L BaCl 2 , 0.01 mol/L CaCl 2 , 1 mol/L NH 4 OAc, AB-DTPA, and distilled water, respectively. Liu and Bates (1990) found that the average amounts of K extracted were in ascending order: AB-DTPA < NaCl < NH 4 OAC < Mehlich 3 < boiling 1 mol/L HNO 3 . According to the mechanism of the extraction, these extractants were classified in four groups.
In the first group (acidic extractants), the mechanism of extracted K is displacement of K by hydrogen cation and includes boiling 1 mol/L HNO 3 , 0.1 mol/L HNO 3 , 0.1 mol/L HCl, and Mehlich 1. Except boiling 1 mol/L HNO 3 other extractants remove solution and slowly exchangeable K. Boiling 1 mol/L HNO 3 extracting solution, exchangeable and non-exchangeable K. The mean K of soils extracted by boiling 1 mol/L HNO 3 , 0.1 mol/L HNO 3 , 0.1 mol/L HCl and Mehlich 1 ranged from 740 to 2550, 78 to 329, 71 to 309 and 10 to 55 mg/kg, respectively. These results showed that K of soils extracted depends on soil and extractants characteristics. The difference of K between soils was attributed to type of clay minerals, clay and silt contents of soils. Potassium extracted by 0.1 mol/L HNO 3 was significantly related to the K extracted by 0.1 mol/L HCl and Mehlich 1. Potassium extracted by boiling 1 mol/L In the third group, the mechanism of extracted K is displacement of K by similar cation and includes 1 mol/L NH 4 OAc, and AB-DTPA. The mean K of soils extracted by 1 mol/L NH 4 OAC and AB-DTPA ranged from 136 to 312 and 67.0 to 165.3 mg/kg, respectively. The mean K of soils extracted by 1 mol/L NH 4 OAC was higher than K extracted by AB-DTPA. This difference was attributed to the concentration and time of extracting. Each two extractants contain NH 4 + , whose ionic radius is similar to K + . These extractants desorbed solution, exchangeable and partly non-exchangeable K. Potassium extracted by 1 mol/L NH 4 OAC was significantly correlated to the K extracted by AB-DTPA. Finally, distilled water extracts K from the soil solution and the mean K of soil is lower The relationships between different potassiumavailability indices and potassium uptake by plant are called correlation studies. In this study, plant indices including K uptake, relative yield, plant response, and K concentration were evaluated. The correlation coefficients between extracted K by 9 extractants and plant indices were shown in Table 6 .
The correlation coefficients between 0.1 mol/L HNO 3 , Mehlich 1, 0.01 mol/L CaCl 2 , and distilled water with relative yield (0.63, 0.65, 0.70, and 0.54 respectively) and with total plant K uptake (0.80, 0.82, 0.85, and 0.75 respectively) were significantly correlated. Potassium extracted by 0.1 mol/L HNO 3 , Mehlich 1, 0.01 mol/L CaCl 2 , and distilled water was significantly correlated with plant indices. So it can be concluded that 0.1 mol/L HNO 3 , Mehlich 1, 0.01 mol/L CaCl 2 , and distilled water extractants, would be suitable as soil testing producers for determining bean available K of these soils. These results are in agreement with those reported by Richards and Bates (1989) , Simard and Zizka (1994) , Hosseinpur and Sinegani (2004) , and Hosseinpur and Samavati (2008) . Richards and Bates (1989) found that 0.1 mol/L HNO 3 -extractable K, explained more variation in K uptake from selected Southern Ontario soils than did NH 4 OAC-K. Hosseinpur and Samavati (2008) found that 0.1 mol/L HNO 3 , Mehlich 1, 0.01 mol/L CaCl 2 , and distilled water extractants, were suitable for evaluation of K availability for corn. Also extraction methods using 0.01 mol/L CaCl 2 and 0.1 mol/L HNO 3 solutions were reported in predicting K availability to plants (Shivaprakash et al. 2008) . Wanasuria et al. (1981) found that NH 4 OAC extractable K was not significantly correlated with rice yield response to K fertilizers. Wang et al. (2010) found that NH 4 OAC method was only suitable for evaluating K availability in soils with similar K-buffering capacity, but was not suitable for evaluation of K availability in soils with different K-buffering capacities. It can be concluded that easily extractable forms of K (water soluble and easily exchangeable K play an important role in K uptake by plants. Dilute concentration of strong acid, organic acids and dilute divalent salt solutions are known to extract a significant part of slowly exchangeable K (Haby et al. 1990) . A good soil test should be able to predict the amount of plant-available K as well as the fertilizer responsiveness of plant growing on a wide range of soils. Predicting of plant response to fertilizers is traditionally determined by Cate-Nelson graphical method. Critical levels (CL) and Cate-Nelson plots of the relationship between the relative yield of bean and the amount of extracted K from soils by the suitable chemical methods were shown in Figure 1 . The critical concentration of soil K determined by the various extraction procedures were obtained using the graphical method of CateNelson and were 190, 28, 50 and 22 mg/kg for 0.1 mol/L HNO 3 , Mehlich 1, 0.01 mol/L CaCl 2 , and distilled water, respectively. Over the years, many different soil testing procedures and extracting solutions were evaluated in an effort to identify a method that provides the most reliable prediction of crop yield response to nutrient application. It was determined that some soil testing procedures are best suited for particular soil types and climatic regions, whereas other soil testing procedures are better suited for different soil types and climates (Haby et al. 1990 ).
On average the quantity of K extracted by 9 extractants were in the following order: boiling 1 mol/L HNO 3 > 0.1 mol/L BaCl 2 > 1 mol/L NH 4 OAC > 0.1 mol/L HNO 3 > 0.1 mol/L HCl > AB-DTPA > 0.01 mol/L CaCl 2 > Mehlich 1 > distilled water. The quantity of K extracted from a soil is less important than the amount of K taken up by the actively growing plant. Traditionally in our regions available soil K is determined by extraction from soils with 1 mol/L NH 4 OAC that extract mainly solution and exchangeable K and a portion of interlayer K. This study shows that 1 mol/L NH 4 OAC and similar extractants can not be used as available K extractants, whereas 0.1 mol/L HNO 3 , Mehlich 1, 0.01 mol/L CaCl 2 , and distilled water (desorbed solution and slowly exchangeable) would be suitable as soil testing methods for determining available K to bean, particularly 0.01 mol/L CaCl 2 extractant. This extractant was the best because of high correlation with plants indices. In addition, advantages of this extractant are low cost and simplicity. Further research is needed in order to test these extractants in a wide range of soils and plants and would require calibration under field conditions. 
